Abstract The present study was aimed to investigate the combined effects of vacuum packaging and mint extract treatment on the quality changes of gutted Indian mackerel (Rastrelliger kanagurta) during storage at 0-2°C for 22 days. Biochemical, total viable count and sensory quality of chill stored mackerel were analysed at periodic intervals. Mint extract treated [dipping in 0.5% (w/v) solution of mint extract for 30 min] and vacuum packed fishes (MEVP) had significantly lower total volatile base nitrogen and trimethyl amine nitrogen compared to those packed under vacuum (CVP) and air (CAP) without mint extract treatment. Nucleotide degradation rate was lower in MEVP followed by CVP and CAP. Vacuum packaging in combination with ME treatment significantly inhibited lipid hydrolysis and lipid oxidation in mackerel as observed from its lower free fatty acid, peroxide value and thiobarbituric acid reactive substances values. Synergistic use of mint extract and vacuum packaging has markedly controlled microbial proliferation in the samples. Based on sensory evaluation, shelf life of Indian mackerel stored at 0-2°C was determined as 13 days for CAP group, 16 days for CVP group and 21 days for MEVP group, respectively. The present study revealed that combination of vacuum packaging and mint extract treatment can be a promising technology to improve the storage quality of chill stored gutted mackerel.
Introduction
Unique biochemical composition of seafood makes it more vulnerable to rapid spoilage, resulting in limited shelf life under normal refrigerated storage conditions. Consumer demand for minimally processed and more natural fish products is continuously increasing. Vacuum packaging is an established technology for minimal food preservation and works by changing the gas proportions in a food environment by removing O 2 . Vacuum packaging is an ideal technology for preserving oily fishes and fish products under refrigerated or ambient storage conditions (Ozogul et al. 2004; Pezeshk et al. 2011) . The positive effects of vacuum packaging can be further enhanced by the treatment with antimicrobials/antioxidants. Addition of synthetic preservatives in food products is strictly regulated due to the toxicological issues of their metabolites (Wilson and Bahna 2005) . Hence, recent attention is widely focused on the bioactivities of natural preservatives such as antioxidants present in plant extracts and residual sources. Antioxidants and antimicrobial activity of plant extracts have been investigated for many years and those with potential activities have been applied in several food systems as antioxidant or antibacterial agents (Ahn et al. 2007; Kanatt et al. 2007) .
The genus Mentha is an important member of Labitaceae family and is being used as a herbal tea, flavouring agent and as a medicinal plant. Extracts and essential oil of Mentha species have potential antioxidant and antibacterial activities (Moreira et al. 2005; Kanatt et al. 2007 ). Rosemarinic acid, caffeic acid, eriocitrin and luteolin are the major phenolics reported in Mentha species (Padmini et al. 2010; Kappa et al. 2013 ) with antibacterial and antioxidant activities (McKay and Blumberg 2006; Singh et al. 2010) . Even though there is a vast literature of antioxidant/antibacterial properties of mentha species, the reports on its application in fish and fish product are limited.
Indian mackerel is a medium-fatty fish species which is having a high demand in domestic as well as export markets. It is well established that fatty and semi-fatty species like mackerel are more prone to lipid oxidation as in their muscles, large amounts of haemoglobin (a well-known activator of lipid oxidation) and lipids coexist (Richards and Hultin 2002) . Because of this, mackerel is prone to rapid quality deterioration during refrigerated storage, the most prevailing preservation method followed in the domestic market. Therefore, use of various combined preservation techniques and additives is under consideration. Vacuum packaging is commonly employed for preserving fresh fish fillet and lightly preserved products like cold smoked fish fillets. Gutted mackerel is a value added fresh fish product which can fetch better prize at domestic and export marketing. However, the information on the storage quality of vacuum packed gutted Indian mackerel during chilled storage is scarce in literature. Our study was aimed to investigate the effects of combined application of extract from Mentha arvensis (corn mint) and vacuum packaging on the quality changes and shelf life of guttted Indian mackerel during chill storage.
Materials and methods

Materials
Fresh Indian mackerel (weight 200 ± 15 g and length 18 ± 2 cm) was procured from Thoppumpadi fishing harbour, Cochin and brought to the laboratory in iced condition within 15 min. Mint was purchased from the vegetable market located in Cochin.
Mint extract treatment and storage of mackerel
Extract from dried mint leaf was prepared using ethanol as described by Viji et al. (2015) . Mackerel was beheaded, eviscerated and washed thoroughly in potable water. Fish was dipped in 2 ppm chlorinated water for 5 min and drained properly. Mackerel was then divided into 3 batches. Batch I was air packed (control air pack-CAP) and batch II was vacuum packed (control vacuum pack-CVP). Batch III was given dip treatment in 0.5% mint extract solution in the ratio 1:1.5 (fish to solution) for 30 min, drained well and vacuum packed (MEVP). Concentration and dipping time in mint extract solution was chosen according to preliminary studies (0.5-1.5 g/100 ml distilled water and 15-45 min); thus, the best combination of concentration and dipping time which improved the keeping quality with less presence of odour and colour of the mint extract in fish was chosen. Pouches made of EVOH multilayer film (300 gauge) were used for packing the fish samples. Two fishes were packed in each pouch. Batch II and batch III were packed under vacuum at -1 bar pressure by a vacuum sealing machine (Vac-star, CH-1786, Switzerland). Batch I was packed under air by using the same machine. Immediately after packing, all the pouches were placed in an insulated box with ice and were kept in a chill room maintained at 0-2°C. Samples were drawn at regular intervals and were analysed for chemical, microbiological, textural and sensory parameters. All the analyses were done in triplicate and mean values were taken.
Chemical analysis
Proximate composition of the raw fish muscle was determined by AOAC (1998) method. pH of homogenised muscle in distilled water (1:5 w/v) was determined by using a glass electrode digital pH meter (Cyberscan 510, Eutech instruments, Singapore). Total volatile base nitrogen (TVB-N) and Tri methyl amine nitrogen (TMA-N) was estimated by Conway's micro-diffusion method (Conway, 1950) . Lipid oxidation of fish muscle sample was assessed by measuring Thiobarbituricacid (TBARS) value (Tarladgis et al. 1960 ) as well as Peroxide value (Yildiz et al. 2003) . Lipid hydrolysis was assessed by Free Fatty Acid (FFA) value following AOAC (1989) procedure. Nucleotides, namely adenosine triphosphate (ATP), adenosine diphosphate (ADP), adenosine monophosphate (AMP), inosine monophosphate (IMP), inosine and hypoxanthine, were determined from perchloric acid extract of fish meat by the method of Ryder (1985) using the High Performance Liquid Chromatography (K value was calculated as the ratio of sum of inosine and hypoxanthine to the sum of total nucleotides).
Microbiological analysis
Total viable count (TVC) of the samples were analyzed according to the method of Ryser and Schuman (2013) . Fifty gram of fish muscle was drawn aseptically and homogenized with 450 ml of phosphate buffer in a filter stomacher bag using a Stomacher Ò 400 Circulator (Seward Limited, UK) for 2 min. Decimal dilutions were made in phosphate buffer and, 1 ml each of three consecutive dilutions were plated on Plate Count Agar (Difco). Plates were incubated at 35 ± 2°C for 48 ± 2 h for obtaining total viable count.
Sensory analysis
Sensory evaluation of raw and cooked samples was done by 6 trained panellists. Uniform pieces were cooked in 1% brine for 10 min and assessed. Colour and appearance, texture, odour and flavour of raw and cooked samples were evaluated and scored based on a 9 point hedonic scale as described by Amerine et al. (1965) . The overall acceptability score was determined taking into account the total score obtained for raw and cooked samples. Scores of separate attributes were summed up and divided by the total number of attributes to give an overall acceptability score. An overall score of 4 was considered as the border line for acceptability.
Statistical analyses
Results of all analysis were subjected to ANOVA by statistical software, SPSS version 16. Significant differences (at 5% level of significance) between mean values of experimental data of the treatments were found out by Duncan's multiple range test.
Results and discussion
Proximate composition
Proximate composition of fresh mackerel showed 73.07% moisture, 18.74% protein, 1.60% ash and 5.50% fat. Chemical composition of seafood influences the post harvest handling and storage and also could determine the specific processing techniques and storage conditions suitable for different species. The present result indicated that Indian mackerel is a fatty fish in agreement with Lakshmisha et al. (2012) , susceptible to rapid oxidation under storage and hence, vacuum packaging and treatment with antioxidant rich extracts could be useful for inhibiting lipid oxidation during storage.
pH
Variations among pH of the samples are given in Fig. 1a . The initial pH of fresh mackerel sample was measured as 6.2. The low initial pH indicates that the fish has just resolved rigor-mortis stage after death. In CAP group, pH value showed a marginal increase and reached up to 6.47 when it was rejected on 16th day. On the other hand, in CVP and MEVP groups, pH value declined slightly during storage period. pH values of vacuum packed samples were significantly lower than that of the control (p \ 0.05) during storage. However, no significant difference (p [ 0.05) was found between the CVP and MEVP groups. In a similar study, Houicher et al. (2013) also could not observe any significant difference between the pH values of mint treated and vacuum packed sardine fillets and that of control vacuum pack without any treatment. Slight decrease in pH values observed in vacuum packed samples may be attributed to the production of lactic acid in the same by lactic acid bacteria which grow under microaerophilic conditions. This finding correlated well with the result of lactic acid bacterial counts in the samples under study (results not shown). Decrease or constant levels of pH might be attributed to increasing solubility of CO 2 at storage time, effecting on growth of aerobic microflora. These was in agreement with those reported by Erkan et al. (2011) for plant extract treated and vacuum packed smoked rainbow trout during chill storage. Stamatis and Arkoudelos (2007) also observed a similar trend for pH values in vacuum packed chub mackerel during refrigerated storage.
K value
Various measurements of adenine nucleotides and their degradation products in fresh fish are used as chemical indices of freshness because the rates of change of these compounds in many species are parallel with its loss of freshness. As shown in the Fig. 1b , K value of samples increased from an initial value of 7.82, 6.07 and 6.56%, respectively for CAP, CVP, and MEVP samples. The initial K value obtained in our study was slightly lower than the reported value of 12-13% for other fishes (Reddy et al. 1994; Ozogul et al. 2004) . A steady increase in K value was noticed in all the samples up to 10th day of storage, followed by a marked rise over the rest of storage period. The rapid increase after 10 days could be due to the sharp drop of IMP and hypoxanthine in fish (Ozogul et al. 2004; Mohan et al. 2009 ). During the early stages of storage period, endogenous enzymes are primarily responsible for ATP degradation whereas microbial metabolism also contributes to degradation towards later stages of spoilage (Moreira et al. 2005) . It has also been proved that conversion of inosine to hypoxanthine is catalyzed by two enzymes: nucleotide phoshorylase (NP) and inosine nucleosidase (IN) and many spoilage bacteria possesses NP and IN which can accelerate Hx generation (Surette et al. 1988) . Accordingly, the sharp degradation of IMP and Hx after 10 days storage period could be a result of accelerated breakdown of those compounds by microbial enzymes which was further in agreement with a positive correlation (0.94-0.99) between TVC and K value of fish samples after 10 days storage. K values were significantly (p \ 0.05) higher in CAP samples than MEVP samples. No significant difference was observed between CVP and MEVP samples until the 10th day, but thereafter, mint extract treated samples showed significantly lower K value, which indicated that the presence of mint extract has lowered the rate of degradation of nucleotides. At the limit of sensory acceptability, the levels of K value in samples respectively for CAP, CVP and MEVP were 81.27, 77.57 and 87.54%. The rejection levels of K value observed in the present study were lower to other observations given by Ozogul et al. (2004) for sardines (90%) and Yesudhason et al. (2010) for seer fish steaks (95%), whereas Ozogul et al. (2008) recorded K value as 81% as the limit of acceptability in ice stored grouper. Manju et al. (2007) reported that vacuum packaging is effective in controlling nucleotide degradation in pearl spot stored in ice. The results of our study demonstrated that previous dip treatment in mint extract can further slow down the breakdown of nucleotides by autolytic enzymes. An inhibitory effect of mint extracts on enzymes responsible for biogenic amines development is previously reported by Houicher et al. (2015) in vacuum packed sardine. The present investigation proved that mint extract can also be used for inhibiting the activity of nucleotide degradation enzymes in fishes during storage. This could be due to the active phytochemicals present in mint extract although no previous reports are available for the positive effect of mint extract in controlling nucleotide degradation. It has been reported that phenolic compounds affects enzyme activity possibly through binding with sulfhydril groups of the protein chain or through non specific interactions leading to protein denaturation (Brijesh et al. 2009 ).
TVB-N
The index TVB-N is commonly used to assess bacterial spoilage in muscle foods. Increase in TVB-N during storage period followed the order CAP [ CVP [ MEVP. As observed on the Fig. 2a levels in MEVP samples compared to its counter pack in CVP and CAP samples. In our previous study, mint extract was found to be a potential preservative for controlling TVB-N generation in air packed and chill stored Indian mackerel (Viji et al. 2015) . The lower content of TVB-N in treatment groups compared to CVP might be owing to the combined effects of extracts as an antibacterial agent and vacuum on controlling the microbial growth, which is primarily responsible for generating volatile bases during spoilage. Similar findings with rosemary extracts were reported in vacuum packed mackerel burgers (Ucak et al. 2011 ) and with turmeric extract in vacuum packed rainbow trout steaks (Pezeshk et al. 2011 ) during chill storage. In a similar study, Houicher et al. (2013) also observed lower TVB-N values in mint extract treated vacuum packed sardine fillet compared to vacuum packed sardine alone. It is well known that the complete removal of oxygen from the pack inhibits the aerobic bacterial growth and the result from present study suggests that combined use of vacuum packaging and mint extract further inhibits the microbial growth; thereby maintains lower TVB-N levels in fish during storage.
TMA-N
Trimethyl amine oxide (TMAO) is used as electron acceptor in anaerobic respiration by most of specific spoilage bacteria. The reduced component formed is TMA which is one of the dominant components of spoiled fish responsible for foul smell once the values reach beyond the acceptable limit. Changes in TMA-N content of samples over the chilled storage are presented in Fig. 2b . A gradual increase in TMA-N formation was noticed in all the samples over the storage period. TMA-N levels in CAP group was significantly higher (p \ 0.05) followed by CVP than MEVP samples. Among the vacuum packed samples, significantly lower TMA-N content was observed in MEVP samples after 7th day of storage. All vacuum packed groups contained significantly lower TMA-N than air packed group. Vacuum packaging is demonstrated to have inhibitory effect on growth of microflora responsible for degradation of trimethyl amine oxide which was consistent with the results of various authors (Manju et al. 2007; Pantazi et al. 2008) . Presence of mint extract in vacuum further improved the inhibitory effect, leading to lowest TMA-N levels. There are few studies demonstrating significant effects by treatment of Indian mackerel with mint extract (Viji et al. 2015) and pomegranate and grape seed extract (Shinde et al. 2015) on lowering TMA-N levels during refrigerated storage. In this study, all the sample groups didn't cross the proposed limit of 10-15 mg/100 g set for TMA-N at which the offensive fishy odour occurs. This result was consistent with those of Ishida et al. (1976) and Manju et al. (2007) who reported that, in low temperature storage, such as refrigeration above 0°C; TMA-N formation slows down noticeably.
FFA
It is well known that development of FFA is a result of enzymatic hydrolysis of lipids in fish. Triglycerides are cleaved by lipases originating from the digestive tract or microorganisms and the degree of lipid hydrolysis can be evaluated by measuring the amount of free fatty acids. The association between lipolysis and lipid oxidation/rancidity is free (polyunsaturated) fatty acids oxidise more readily than esterified lipid (Ashton 2002) . FFA content of all the sample groups presented a gradual increase with slight fluctuations (Fig. 2c) . On and after 4 days of storage, significant differences in FFA were noticed among the sample groups. CAP group showed the highest values for FFA during storage followed by CVP group, while the lowest values were with MEVP group. The result revealed that lipid hydrolysis progressed at a slower rate in the samples treated with mint extract. Inhibitory effect on endogenous and microbial lipolytic enzymes in chill stored mackerel by plant extracts (pomegranate peel and green tea leaf extracts) were reported by Shinde et al. (2015) . It is well established that vacuum packaging of fish reduces lipid hydrolysis as the growth of aerobic lipolytic bacteria is inhibited under vacuum. In addition, the antimicrobial effects of mint extract have further protected the lipid in mackerel muscle from hydrolysis by bacteria which is evident from the lower FFA values in treated samples compared to that in CVP samples. Similar results were reported by Ucak et al. (2011) for rosemary extract treated and vacuum packed mackerel burgers during storage at 4°C. Whereas Kenar et al. (2010) and Houicher et al. (2013) obtained insignificant changes in FFA among control and plant extract treated vacuum packed sardine fillets during refrigerated storage.
PV
Quality of fatty fish is rapidly deteriorated due to the oxidation of lipid. The primary product of lipid oxidation is fatty acid hydroperoxide, measured as PV which gives an indication of primary lipid oxidation occurred in fish muscle. This oxidation index showed a marked increase in CAP samples in contrast to samples kept under MEVP and CVP conditions (Fig. 3a) . Lower values in MEVP and CVP are attributed to the lack of oxygen in surrounding environment which is the initiator of lipid peroxidation. Moreover, PV values were significantly (p \ 0.05) lower in MEVP groups than CVP, owing to the antioxidant activities of the extracts on the fish lipid. The reported antioxidant activity may be due to the presence of phenolic and flavonoid compounds which has the scavenging potential by reducing the free radicals. One of our previous studies demonstrated that ethanolic extract of mint leaf was rich in phenolic content (127 ± 8.2 mg gallic acid eqwt/g) with potential reducing power and radical scavenging activities (Viji et al. 2015) . Mentha spp. possesses antioxidant properties due to the presence of active constituents like menthone, menthol, flavonoids, rosmarinic acid and carvone (Padmini et al. 2010) . Antioxidant extracts from Mentha spp. has been used to control lipid peroxidation in different food systems including sunflower oil, lamp, pork and chilled fish (Kanatt et al. 2007; Biswas et al. 2012; Houicher et al. 2013) . The result of present study revealed that inhibitory effects of vacuum can be further enhanced by mint extract treatment.
TBARS
Hydroperoxides formed during primary oxidation are highly unstable and they break down to aldehydes, ketones and alcohols that are volatile products causing rancid offflavour in products. The extent of secondary oxidation is determined by measuring the amount of malonaldehyde produced. In this study, a progressive increase in TBARS was observed with the extent of storage days (Fig. 3b) . At the beginning of the storage, TBARS values were determined as 0.542, 0.563 and 0.621 mg MDA/kg for the MEVP, CVP and CAP groups, respectively. The values showed a fluctuating trend in all vacuum packed samples with storage time. MEVP samples showed significantly (p \ 0.05) lower TBARS than CVP and CAP at any day of storage. In CAP, the TBARS index reached up to 2.642 mg MDA/kg on 16th day of storage. TBARS values, indicating rancidity development remained low and below the limit level (\4 mg MDA/kg fish) at which rancid flavours may become evident in fish in MEVP and CVP groups.
The higher TBARS values in CAP group can be attributed to the higher rate of secondary lipid oxidation in the same mediated by oxygen in the packing environment. Presence of mint extract along with vacuum packaging has markedly retarded the rate of secondary oxidation in mackerel during storage. Similar results with natural antioxidants and vacuum packaging were reported previously (Sarkardei and Howell 2008; Kenar et al. 2010) . Combined application of vacuum packaging and plant extract treatment has shown to delay lipid oxidation in rainbow trout fillets stored at 4 ± 1°C (Pezeshk et al. 2011) . Houicher et al. (2013) reported that addition of M. spicata extract @ 1% in vacuum packed sardine has effectively reduced TBARS formation and extended the shelf life during refrigerated storage. The antioxidant activity of mint extract could be related to their free radical chain breaking activity, hydrogen donating ability or metal chelating activity (Kanatt et al. 2007 ).
TVC
The initial TVC of fresh mackerel was 4.14 log CFU/g, indicating that the mackerel studied was of good quality. TVC values of the three groups increased gradually with storage. As shown in Fig. 4 , bacteria grew most quickly in CAP samples followed by CVP and the lowest counts were with MEVP. 10th day onwards, the TVC in control air pack group remained 1 log higher than that of treated groups. Generally, a bacterial load of 7 log 10 cfu g -1 is considered as the threshold limit of acceptance as spoilage is detected at this level (ICMSF 2011). The TVC crossed the limit in CAP, CVP and MEVP on 13, 16 and 21st day of storage, respectively. It was interesting to note that the microbiological data did not correlate well with biochemical and sensory results. The result of the present study is agreeing with the statement that higher counts are quite normal in tropical fishes and counts of 8 log 10 cfu g -1 may be tolerated for bacterial population rendered ''less active'' by processing (Aguilera et al. 1992) .
Results of present study indicates that vacuum packaging combined with mint extract treatment was effective in inhibiting the microbial spoilage to a great extend compared to air packed and vacuum packed control samples by extending the lag phase and generation time. Similar to our findings, vacuum packaging and pomegranate extract treatment has improved the microbial quality of pacific shrimp during refrigerated storage (Basiri et al. 2014) . It has been reported that menthol, the major component of M. arvensis, exhibited excellent antimicrobial activity, even stronger than standard drugs (amoxycillin and fluconazole) against Staphylococcus aureus, Bacillus subtilis and E.coli (Padmini et al. 2010) . Viji et al. (2015) also observed noteworthy antibacterial activities in mint extract against food spoilage and pathogenic bacteria tested.
Sensory analysis
Fresh mackerel had characteristic brightness, sea weedy odour, with firm texture and without gaping and discoloration. Sensory analysis of gutted mackerel showed differences in overall acceptability score between samples. Scores of CAP, CVP and MEVP mackerel samples showed a similar pattern of decreasing acceptability. Throughout the storage, MEVP retained the highest sensory scores (Fig. 5) . It was observed that presence of mint extract imparted a mild but sensorially acceptable mint flavour in raw fish. The fish samples were considered to be acceptable for human consumption until the sensory score reached 4. Accordingly, the observed shelf life of Indian mackerel, as determined by panellists, was longest in MEVP (21 days), followed by CVP (16 days) and CAP (13 days) at 0-2°C. So, compared to CAP, CVP extended the shelf life of gutted mackerel by 3 days while MEVP further extended the shelf life by 5 more days. The analysis demonstrated that VP conditions alone did not significantly extend the shelf life of mackerel compared to storage in air, whereas VP along with mint extract treatment did extend the shelf life.
Conclusion
Based on the sensory, biochemical and microbial results evaluated, use of mint extract treatment prior to vacuum packaging might increases the hurdles for microbial growth, thereby delaying quality changes of mackerel more effectively. Vacuum packaging along with mint extract treatment was the most effective for Indian mackerel preservation, achieving a shelf life of 21 days at 0-2°C. Vacuum packaging of Indian mackerel effectively inhibited the oxidation of lipid as assessed by PV and TBARS value. Treatment of mackerel with ME is recommended prior to vacuum packaging to maintain the quality and to extend the shelf life of mackerel during refrigerated storage. 
